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ABSTRACT 

 

Surgical site infection is the greatest enemy to the success of a surgeon which is a dreaded 

complication that can result in poor outcomes, increased morbidity, prolonged hospital stay, 

escalation of hospital expenditure and mainly constrained relationship between the patient 

and the surgeon, placing an immense economic burden on the patient and the healthcare 

infrastructure. The origin of SSI is multifactorial, where Bacteria may get access to the 

surgical site through both endogenous and exogenous routes, predominantly exogenous 

contact during the first operative exposure. Staphylococcus aureus is the leading cause of 

SSI.  Implants give a niche for such organisms where biofilms offer a safe environment for 

their replication. Various modifiable risk factors are also there such as DM, Obesity, 

Malnutrition etc. The goal of this study was to find out whether nasal carriage of 

Staphylococcus aureus is a major risk factor for surgical site infection in orthopaedic surgery. 
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INTRODUCTION  

  

Surgical site infection is the greatest enemy to the 

success of a surgery. It is a dreaded complication 

following orthopaedic surgery that results in poor 

outcomes, increased morbidity, prolonged hospital 

stay, escalation of hospital expenditure following 

an otherwise excellent piece of craftsmanship [1]. 

Many times this may lead to a constrained 

relationship between the patient and the surgeon. 

Moreover, it causes an immense economic burden 

on the patient and the healthcare infrastructure. 

Recent WHO statistics show that for every 100 

hospitalised patients at any given time, 7 in 

developed and 10 in developing countries acquire 

SSI[2]. These figures may be as high as 10-30% in 

centres dealing with critically ill patients. The 

pathogenesis of SSI is multifactorial. Bacteria can 

use the surgical site through both endogenous and 

exogenous routes. Strategies to cut SSI are 

preoperative patient optimisation, perioperative 

protocols, sterilisation and operation theatre 

environment and preparation protocols along with 

surgeon and operation theatre people preparation 

protocols, which based on an intricate 

understanding of the pathogenesis of SSI and the 

role of biofilms. 

Pathogenesis of SSI 

  

The source of the infective agent may be 

endogenous from commensal microorganisms or 

exogenous which includes apparatus, fomites, 

caregivers, etc. The route of infection is mostly 

through direct contact and less commonly via air or 

droplets [3]. Staphylococcus aureus is the leading 

cause of orthopaedic SSI. Methicillin-

resistant strain (MRSA) is prevailed in both 

community and healthcare setting[4,5]. Gram-

negative bacilli originate from solutions, fluids and 

invasive devices and viruses originate from blood 

and blood products. Fungal infections in people 

involve Aspergillus spp and Candida albicans. 

Microorganisms coexist on almost all healthy body 

surfaces exposed to the environment[6]. The body’s 

innate and adaptive immunity prevent infection 

from these and these defenses are disrupted at 

surgical incision sites due to tissue injury and 

hematoma. Moreover implanted medical devices 

offer a comfort zone for such organisms. The 

interplay between the host defense, microbial 

virulence and exist an attachment surface find the 

progress of the infection. Once infection sets in, the 

antimicrobial therapy that being instituted controls 

the planktonic phase of these organisms which is 

the individually thriving, free-floating phase that 

induces acute illness[7]. Biofilms which are 

polymicrobial, sessile, community-based 

aggregations within a self-secreted 

matrix[8,9] exhibiting a radically altered phenotype 

of growth, gene expression, and protein production 

compared to taxonomically same planktonic 

organisms[10,11]. Planktonic organisms are a 

transient population which is susceptible to host 

defenses and antimicrobial since biofilms offer a 

safe environment for microbial replication[12,13] .  

 

Abiotic and devitalized biotic surfaces which are 

coated in host extracellular matrix adhere the 

planktonic microbes. As replication of these 

microbes proceeds, an altered host humoral 

response and quorum sensing compound induced 

altered microbial gene expression cause biofilm 

production, host immune cell lysis and localized 

tissue destruction. With further expansion as the 

nutrients become limited in supply a phase of 

lowered metabolic activity ensues which cause 

tolerance to antimicrobial agents that act via 

synthesis of cell walls, nucleic acids or proteins.  

 

Kim et al. reported that the patients themselves 

bring the microorganisms responsible for SSI[14], 

primarily Staphylococcus aureus found in their 

anterior nares. Lee et al. found in their nested, 

matched case-control study that the most common 

causative microorganism of orthopedic SSI is 

staph. aureus  (MRSA), followed by coagulase-

negative staphylococci, and E. Coli[15]. Berbari et 

al. revealed that staph. aureus was the most 

common microorganism causing PJI[16]. Whereas 

Phillips et al.  found in their prospective survey that 

deep prosthetic infections are most commonly 

caused by coagulase-negative Staphylococcus, 

followed by staph. aureus as well as enterococci 

and streptococci. Staph. aureus was identified to 

affect 50% of the cases of SSI after hip 

arthroplasty [17]. Kalmeijer et al. also revealed that 

staph. aureus affected half of the cases of SSI after 

orthopaedic surgery; 36 % of all orthopaedic SSI 

cases were superficially incisional, and 71% of all 

orthopaedic SSI cases were deeply incisional[18]. 

Identification of pathogenic organism 

 

The identification of pathogenic organisms 

implicated in biofilms is however extremely 

difficult to isolate. Biofilms are having extremely 

small foci of organisms causing a large area of 

surrounding inflammation and may be easily 

missed during biopsies. It is also difficult to 

liberate the microbes from these biofilms and even 

if done, it may actually resemble the planktonic 

variety with a lot of different characteristics. 

Moreover, conventional cultures are unable to grow 

the sessile phenotypes especially the persisters 

thereby yielding false negative reports. Newer 

methods used for direct identification of microbes 

in biofilms using PCR, DNA array, RNA, FISH 

probes, ELISA, phase contrast microscopy, etc are 

still investigational. The acute symptoms of SSI are 

due to the rapid growth of planktonic organisms 

and the host responses, however, if abiotic or 
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compromised tissue surfaces are present soon the 

sessile or biofilm phase ensues which can only be 

eradicated with surgical removal of devitalized 

tissue and implant.  

Staphylococcus aureus 

  

Two strains of S aureus that cause orthopaedic SSI 

are the methicillin-sensitive and MRSA. They may 

colonize on the skin surface. MRSA is 

associated with increased morbidity, mortality and 

hospital stay. Nasal carriage is the commonest site 

of colonization of S aureus and it is strongly 

associated with skin carriage and such patients are 

two to nine times more likely to develop SSI [19]. 

Several studies have shown it as the only 

independent risk factor in orthopaedic SSI[20]. 

Nasal screening has shown to detect 66% of 

carriers and joined nasal and perineal swabs have 

improved detection rates up to 82%. The most used 

protocol is topical intranasal mupirocin ointment 

twice daily and Chlorhexidine body washes for 5 

days immediately before surgery along 

with preoperative antibiotic prophylaxis and 

patients with MRSA additionally receive 

Vancomycin. 

  

Nasal carriage of S aureus is spotted as a risk factor 

for SSI approximately 4 decades ago in several 

excellent studies. 

 

Prevention of orthopaedic SSI: Once the risk 

factors for SSI in orthpoaedics are identified, rapid 

prevention of such risk factors can 

be done [20]. Gheiti et al. added that the idea of 

improving the patients' health before surgical 

intervention is important to reduce the risk of SSI. 

They also emphasized screening 

for MRSA in orthopaedic patients, the necessity for 

smoking cessation, use of staples for wound 

closure instead of traditional suturing, blood 

transfusion only when indicated, and control of 

blood glucose  

level preoperatively and postoperatively [21].  

 

Rutan et al. recommended monitoring of the blood 

glucose every two hours during the surgery if 

the surgery lasts for more than two hours, 

especially if the patients' preoperative blood 

glucose level was more than 110 mg/dL and to set 

up protocol for monitoring blood glucose 

level postoperatively for the patients having blood 

glucose level of more than 180 

mg/dL [22].  Spahn suggested managing the anemia 

by iron and erythropoietin supplementation instead 

of allogenic blood transfusion in order 

to reduce postoperative complications such as 

SSI [23].  Daines et al. recommended to initiate the 

first dose of antibiotics within 60 minutes before 

making the surgical incision, discontinuing the 

prophylactic antimicrobial therapy within the first 

24 hours postoperatively, limiting the number of 

healthcare personnel exiting and entering the 

operating room to decrease the level of airborne 

microbial contamination and replacing prolonged 

wound drainage with irrigation [24]. Namba et al. 

 focused on optimizing patient body weight and 

controlling diabetes mellitus to decrease rates of 

deep SSI after total knee arthroplasty [25]. The 

preventive strategies for orthopaedic SSI are 

summarized in the table.  

 

Preventive strategies for orthopaedic SSI 

1. MRSA screening.  

2. Administering intranasal mupirocin for nasal 

carriers of staph. aureus.  

3. Using clindamycin and vancomycin fo patients 

with MRSA or for patients with β-lactam allergy. 

 4. Use of cefazolin or cefroxamine as antibiotic 

prophylaxis and adjusted according to obesity.  

5. Smoking cessation. 

 6. Optimizing patient body weight.  

 7. Using chlrohexidine to prepare patient skin 

preoperatively at night before the surgery and in 

morning of the surgery.  

8. Use of staples for wound closure.  

9. Use of clippers instead of razors for hair 

removal.  

10. Use of Chlorhexidine- alcohol rather than 

Povidone- iodine in cleansing surgical site. 

 11. Control of operating room traffic.  

12. Irrigation of wound needing prolonged 

drainage.  

13.  Establishing protocols for controlling blood 

glucose levels preoperatively and postoperatively. 

 14. Optimal timing of administering and 

discontinuing prophylactic antibiotic therapy.  

15. Blood transfusion only when indicated, 

treatment of anemia with iron and erythropoietin to 

replace blood transfusion as an option for anemia 

management.  

  

Diagnosis of surgical site infections 

The inflammation related to local procedural 

trauma causing pain and discomfort in the 

perioperative period may be confounding. The 

presence of clinical signs such as fever, erythema, 

warmth and incision site wound drainage may be 

important clues to the presence of infection. 

Chronic infection, on the other hand, is a diagnostic 

dilemma because the symptoms are typically 

indolent and less severe and in the presence 

of orthopaedic hardware differentiating infection 

from adverse local tissue reactions and mechanical 

or hardware failure can be challenging. Laboratory 

parameters such as leukocytosis and elevated C-

reactive protein levels and erythrocyte 

sedimentation rates can be useful in the chronic 

setting, however, these parameters are nonspecific 

in the immediate perioperative period when they 

can be elevated due to inflammation. 
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 Histologic and microbiologic analysis of soft-

tissue specimens is the definitive standard for 

diagnosis of postoperative infection but sampling 

may sometimes be complex, invasive or 

contaminated yielding a low sensitivity and 

specificity rates. Image-guided aspiration of soft 

tissue collection or biopsy are options but biopsy 

carries the risk of artificial introduction of infection 

apart from yielding low positive rates. Imaging is 

the cornerstone of diagnosis of SSI and apart from 

confirming the diagnosis, it also provides details 

about the extent, severity and any associated 

complications. It provides an objective and 

longitudinal method of monitoring treatment. Plain 

radiography though easily accessible, findings lag 

behind the clinical disease. The initial loss of fat 

planes is followed by signs of osteomyelitis 

appearing 7 to 10 days later and signs of chronic 

osteomyelitis appearing still later. The effects of 

surgery such as cortical irregularity and 

the periosteal reaction can mimic osteomyelitis on 

radiographic findings.   

 

Periprosthetic lucency on radiographs also can 

be due to aseptic loosening or 

infection. Arthrography with  

either ultrasonographic or fluoroscopic guidance 

can help evaluate joint infections. By taking two 

separate joint aspirates: a native sample if the fluid 

is present and a lavage sample using injected 

contrast material the incriminating organism can 

be detected. CT facilitates visualization of subtle 

erosive changes and periosteal reaction in acute 

osteomyelitis and bony sequester in chronic 

osteomyelitis that can be masked 

by postoperative changes and hardware on 

radiography [26]. Intravenous contrast material 

may help define focal sinus tracts and abscess 

which typically demonstrate thick, sometimes 

irregular rim enhancement although MRI better 

delineates soft tissue infections. Currently, MRI is 

the premier modality for 

diagnosing postoperative infection because of 

superior soft-tissue contrast and inherent ability to 

define the anatomic extent of osseous and soft 

tissue infection. In the postoperative setting, fat-

saturated, fluid-sensitive sequences such as short 

tau hyper inversion recovery(STIR) are 

used to identify edema patterns within soft-tissue 

and osseous structures and to differentiate 

simple cellulitis from more complicated soft-tissue 

and/or osseous infection [27]. The absence of signal 

abnormality on STIR images almost excludes the 

presence of infection [28]. Gadolinium-enhanced, 

fat-suppressed TI-weighted sequences can 

distinguish between edematous and necrotic tissue 

and can identify the presence and extent of fluid 

collections and sinus tracts. Even when 

osteomyelitis can be diagnosed using radiography 

and/or CT, MRI may be vitally important in the 

detection of an intraosseous abscess, which often 

requires surgical debridement and not simple 

intravenous antibiotic therapy. 

 

Diabetes mellitus and SSI  

 Hyperglycemia can adversely affect humoral and 

cell-mediated immunity impairing the neutrophil 

function. Glycated hemoglobin along with micro 

and macrovascular disease impairs tissue oxygen 

delivery, inhibition of fibroblast proliferation and 

collagen synthesis during wound 

healing. Perioperative hyperglycemia in non-

diabetics (2 or more measurements of 

≥200mg/dl) is also associated with incidence of 

SSI. The precise thresholds are not established but 

most guidelines 

recommend preprandial and postprandial levels 

of 90-

130mg/dl and 180mg/dl respectively and hba1c lev

els less than 7% in elective surgeries [ 29] . Fasting 

blood sugars and urine for ketones should 

be checked on the day of surgery. 

In emergency setting, random blood sugars should 

be optimized to less than 200mg/dl. 

 

CONCLUSION  

SSI in orthopaedic surgery is a major complication 

that results in physical limitations and delayed 

recovery from orthopaedic surgical intervention. 

Therefore it is important to show risk factors and 

causative agents for orthopaedic SSI so that proper 

prevention strategies can be implemented. The 

incidence rates of orthopaedic SSI ranged from 0.7 

% to 8%; even though it is a small percentage, 

it will reflect on hundreds of patients suffering 

from delayed healing, increased treatment costs and 

extended hospital stay. Orthopaedic SSI is caused 

by a number of microorganisms, the most prevalent 

of which is Staphylococcus aureus. Prevention 

of orthopaedic SSI requires evaluating patient's 

health status and establishing protocols and policy 

to manage the risk factors of orthopaedic SSI.

 
REFERENCE 

 

1. Harrop JS, Styliaras JC, Ooi JC, Radcliff KE, Vaccaro AR, Wu C. Contributing factors to surgical site 

infections. Journal of American Academy of  Ortho Surgery. 2012; 20(2):94-101. 

2. Sancheti P, Joshi R, Shyam A, Rocha S,  Mannual of infection control in orthopaedic surgery editors. 

jaypee brothers medical publishers, 2015. 

3. Jaylakhsmi T, Kapil A, Sathpathy S, Lodha R, Rao T. AIIMS hospital infection control mannual: All 

India institute of medical sciences, 2004. 



Lincy et al., World J Pharm Sci 2018; 6(10): 25-29 

29 

 

4. Anderson DJ, Sexton DJ, Kanafani ZA, Auten G, Kaye KS. Severe surgical site infection in 

community hospitals epidemiology, key procedures and the changing prevelance of methicillin 

resistant Staphyloccocus aureus. Infection control hospital epidemiology.2007; 28(9):1047-1053.  

5. Koch R, Becker K, Cookson B, et al. Methicillin resistant staphylococcus aureus burden of disease and 

control challenges in Europe. Euro Surviell, 15(41).   

6. Tlaskalova-Hogenova H, Stepankova R, Hudcovic T, et al. Commensal bacteria (normal microflora), 

mucosal immunity and chronic inflammatory and autoimmune diseases. Immuno Lett. 2004, 93(2-3).  

7. Ehrilch GD, Ahmed A, Earl J, et al. The distributed genome hypothesis as a rubric for understanding 

evolution insitu during chronic bacterial biofilm infectious process. FEMS Immunolo Med 

Microbiology. 2010; 59(3):269-279.  

8. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms a common cause of persistent infections. 

Science. 1999; 284(5418):1318-1322.  

9. Costerton W, Veeh R, Shirtliff M, Pasmore M, Post C, Ehrlich G. The application of biofilm science to 

the study and control of chronic bacterial infections. J Clin Invest. 2003; 112(10):1466-1477.  

10. Resch A, Leicht S, Saric M, et al. Comparitive proteome analysis of Staphylococcus aureus biofilm and 

planktonic cellsand correlation with transcriptome profiling. Proteomics. 2006; 6(6):1867-1877. 

11. Donlan RM, Costerton JW. Biofilms survival mechanisms of clinically relevant microorganisms. 

Clinical Microbiology Rev. 2002; 15(2):167-193.  

12. Meluleni GJ, Grout M, Evans DJ, Pier GB. Mucoid Pseudomonas aeroginosa growing in a biofilm in 

vitro are killed by opsonic antibodies to the mucoid exopolysaccharide capsule but not by antibodies 

produced during chronic lung infections in cystic fibosis patients. J Immunol. 1995; 155(4):2029-2038.  

13. Ward KH, Oslon ME, Lam K, Costerton JW. Mechanism of persistent infection associated with 

peritoneal implants. J Med Microbiol. 1992; 32(6):406-4013. 

14. Kim DH, Spencer M, Davidson SM et al. 2010. Institutional prescreening for detection and eradication 

of methicillin-resistant Staphylococcus aureus in patients undergoing elective orthopaedic surgery. J 

Bone Joint Surg 92: 1820-1826. 

15. Lee J, Singletary R, Schmader K et al. 2006. Surgical site infection in the elderly following orthopaedic 

surgery. J Bone Joint Surg Br 88: 1705-1712.  

16. Berbari EF, Hanssen AD, Duffy MC et al. 1998. Risk factors for prosthetic joint infection: case-control 

study. Clin Infect Dis 27: 1247-1254. 

17. Ridgeway S, Wilson J, Charlet A et al. 2005. Infection of the surgical site after arthroplasty of the hip. 

J Bone Joint Surg Br 87: 844-850. 

18. Al‐Zaru IM, Ammouri AA, Al‐Hassan MA, Amr AA . 2010. Risk factors for deep sternal wound 

infections after cardiac surgery in Jordan. J Clin Nurs 19: 1873-1881.   

19. Rao N, Kim DH. Perioperative risk factors and patient optimisation: risk assessment and prevention. In 

Hsu WK, McLaren AC, Springer BD, editors. Let’s discuss Surgical Site Infection.: American 

academy of orthopaedic surgeons 2015, 13-23. 

20. Beiner JM, Grauer J, Kwon BK, Vaccaro AR . Postoperative wound infections of the spine.  Neurosurg 

Focus 2003;15: 1-5. 

21. Gheiti AJC, Mulhall KJ. Peri-Prosthetic Joint Infection: Prevention, Diagnosis and Management. 

INTECH Open Access Publisher. 2013. 

22. Rutan L, Sommers K. Hyperglycemia as a risk factor in the perioperative patient. AORN J. 2012; 95: 

352-364. 

23. Spahn DR . Anemia and Patient Blood Management in Hip and Knee Surgery A Systematic Review of 

the Literature. J Am Soc Anesthesiol.2010; 113: 482-495. 

24. Daines BK, Dennis DA ,Amann S. Infection Prevention in Total Knee Arthroplasty. J Am Acad Orthop 

Surg.2015; 23: 356-364. 

25. Namba RS, Inacio MC, Paxton EW.  Risk factors associated with deep surgical site infections  after 

primary total knee arthroplasty. J Bone Joint Surg. 2013;95: 775-782. 

26. Peterson JJ. Postoperative infection. Radiol Clini North Am. 2006; 44(3):239-250. 

27. Sneag DB, Potter HG. Imaging of surgical site infection. In Hsu WK, McLaren AC, Springer BD, 

editors. Lets discuss surgical site infection. American Academy of Orthopaedic Surgeons. 2015; 27-40. 

28. Maj L, Gombar YI, Morrison WB. MR imaging of hip infection and Inflammation. Magn Reson 

Imaging Clin N Am. 2013; 21(1):127-139. 

29. Standards of medical care in diabetes-2008. Diabetes care. American Diabetes Association. 2008; 

31(1):S12S54. 

 


